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ABSTRACT
Methods for determining the velocity distributions in a SNAP reactor coolant channel for both laminar and turbulent flow conditions are presented. The results obtained by applying the methods to SNAP-2 conditions are given as maps of the ratio of local velocity to average velocity in the coolant channel. The use of the velocity distributions in subsequent heat transfer analyses of the fuel rod and coolaJit system is discussed.
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INTRODPCTION
The purpose of this report is to present the results of a study to determine the velocity distributions in a SNAP reactor coolant channel for both laminar and turbulent flow conditions. Maps of the ratio of local velocity to average velocity (u/u ) in the coolant channel crosssection are presented for the laminar and turbulent flow cases. The methods of analysis used to obtain the velocities are discussed.
The velocity distributions obtained will cause an asymmetric distribution of temperatures in the fuel rods which could cause wrinkling of the cladding, barrier cracking, etc. Studies are now in progress to determine the steady-state temperature distributions in a SNAP reactor fuel rod with the velocity distributions of this report included in the heat transfer system.
THEORY AND METHODS
The Reynolds number for flow in the SNAP 2 reactor was calculated to be about 3^00 at design conditions. This value falls within the so-called "transition region" between the laminar and turbulent regimes on a friction factor -Reynolds number plot. It is believed that the flow will be turbulent due to the upstream influence of the grid plates, however, laminar conditions were studied also since this condition would result in less effective cooling of the fuel rods* analogous electrical network was set up. The Thermal Analyzer Program (TAP-l), a digital computer code for thermal-electrical analogy, was then used to compute the velocity distribution. The velocities obtained were integrated over the channel cross-section to obtain an average velocity. A map of the distribution of the ratio of local velocity to average velocity (u/u ) (see Figure 2 ) was then constructed.
Turbulent Flow
The method used to determine the velocity distribution for the case of turbulent flow is an extremely complex one. This method is an iterative graphical technique proposed by Deissler and Taylor (Reference (l)).for non-circular passages. A complete explanation of the procedure to follow when using this method is presented in Reference (l) and will not be repeated here. 
for the region close to the wall and for the region away from the wall.
In equations (2), (3) Figure 2 represents the boundary layer consisting of the laminar sublayer and the buffer zone. In this study it was assumed that the fuel rods were separated by a 0.007 inch space. From Figure 2 it would appear that if the rods were allowed to come into contact with one another, the very slow moving fluid in the boundary layer adjacent to the point of contact would promote conduction between rods and a reduction of cooling effectiveness which could result in substantial temperature differences peripherally at the surface of the rod. Additional studies will be made to determine the velocity distributions when the rods are in contact. It was further assumed that there was no flow of coolant between the rods normal to the axes of the rods.
Note from Figures 1 and 2 that the ratio of maximum velocity to average velocity is 2.66 for laminar flow and 1.7 for turbulent flow. Velocity profiles along symmetry line A-A in Figures 1 and 2 are compared in Figure 3 -The velocity profiles of Figure 3 reflect the characteristic differences between the laminar and turbulent profiles one would expect for a circular channel.
The velocity distributions of this study will be used in the simulation of the heat transfer system consisting of a portion of a fuel rod and cooling channel. For the laminar flow case, heat conduction in the fluid will be represented by considering the molecular thermal conductivity of the fluid and the heat dissipation to the fluid will depend upon the local velocities. The turbulent flow case will be represented in the same manner except that the fluid thermal conductivity will consist of the molecular conductivity and an eddy conductivity determined from the velocity distribution. Values for the heat transfer coefficient for convection will not be needed in this simulation, in fact, the heat transfer coefficient may be determined from the results of the study.
CONCLUSIONS AND RECOMMENDATIONS
The methods presented for the determination of the velocity distributions in a SNAP reactor coolant channel may be applied to a channel of any cross-section. The methods are valid for any incompressible fluid in steady, fully developed, flow in a channel of constant cross-section. Conditions at the entrance to coolant channels cannot be determined by the methods presented in this report.
Although the analytical methods of this report represent a step in the right direction they are, at best, still only an approximation of the actual flow cases. 
